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© Multigrain abrasive compacts and processes for 
making the same are provided which comprise fine 
granules of cubic boron nitride or diamond bound by 
a sintered matrix derived from a coating on the 
granules. The coating comprises one or more layers 
of an active coating material which chemically bonds 
to the underlying surface. These compacts are ob- 
tained by coating fine granules of cubic boron nitride 
or diamond with the active coating material and 
sintering the coated particles with or without a pow- 
dered metal or alloy. The compacts can be obtained 
utilizing a short sintering step with relatively low 
pressures and temperatures. In certain embodi- 
ments, the use of high pressure, high temperature 
equipment can be voided. These compacts have 
improved breakdown characteristics due to the na- 
ture of the coated particles incorporated therein. The 
process provided is well suited for the use of dia- 
mond powder obtained from chemical vapor deposi- 
tion processes. 
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Cross-Reference to Related Applications 

This application Is related to the invention de- 
scribed in copending European application No. 
92302219.8 [Attorney Docket No. 60-SD-364], en- 
titled "Multigrain Abrasive Particles". 

Background of the Invention 

This invention relates to multigrain compacts of 
diamond or cubic boron nitride particles bonded by 
a sintered matrix material. 

A compact is a mass of abrasive particles that 
is bonded together in a self bonded relationship as 
described in U.S. Patent Nos. 3,852,078 and 
3,876,751; by means of a bonding medium, as 
described in U.S. Patent Nos. 3,136,615, 3.233,988, 
3,743,489. 3,767.371 and 3.918.931 or by means of 
some combination thereof. The abrasive particles 
used can have single grain (monocrystalline) or 
multigrain (polycrystalline) crystal structure. Mon- 
ocrystalline particles are formed with the aid of a 
catalyst while polycrystalline particles are obtained 
by direct conversion of a compound having an 
alternate crystal structure such as hexagonal boron 
nitride and graphite. Representative of these com- 
pacts are U.S. Patent Nos. 2.367.404, 3.650,714, 
3.957,461. 3,929.432, 3,984,214, 4.224,380, 
4.288,248 and 4,738,689. 

Compacts of cubic boron nitride can be formed 
simultaneously with the conversion of hexagonal 
boron nitride to cubic boron nitride. This can be 
done with or without the aid of a catalyst metal or 
alloy. One example of a method which does not 
require a catalyst is described in copending U.S. 
Application Serial No. 07/365,883, filed June 14, 
1989, and assigned to the same assignee as the 
present invention. In the manufacture of prior art 
compacts, high temperatures and pressures great- 
er than 50 kbar are required to obtain interparticle 
bonding and/or conversion of HBN to CBN. 

From the foregoing, it can be seen that it would 
be advantageous to form multigrain compacts at 
lower temperatures and pressures, particularly 
since high pressure/high temperature apparatus re- 
present significant capital equipment expense and 
their use requires a significant expenditure of en- 
ergy. 

It is well known in the art that metal coatings 
on abrasive particles such as diamond and cubic 
boron nitride improve the retention of such par- 
ticles in the matrices of abrasive tools such as 
grinding wheels and similar agglomerated aggre- 
gates. For example, it is preferable to use a nickel 
coating on diamond and cubic boron nitride par- 
ticles to improve their retention within a resin ma- 
trix of a grinding wheel. In EP-A-0402677 a coating 
to prevent oxidation is used on the HBN particles 



which is said to help bond the particulates. How- 
ever, until now, coated granules have not been 
used to provide abrasive compacts under relatively 
mild process conditions. 

5 

Summary of the Invention 

Accordingly, it is an object of this invention to 
provide an improved process for making multigrain 
10 abrasive compacts from fine cubic boron nitride 
and diamond granules and the articles made there- 
from. 

It is another object of the present invention to 
provide multigrain CBN and diamond compacts 

15 having controlled breakdown characteristics. 

Another object of the present invention is to 
provide multigrain abrasive compacts and compos- 
ite compacts at reduced temperatures and pres- 
sures, preferably without the use of a high pres- 

20 sure, high temperature apparatus. 

It is a further object of the present invention to 
provide multigrain abrasive compacts and compos- 
ite compacts without the use of a high pressure, 
high temperature apparatus. 

25 It is another object of the present invention to 

provide multigrain abrasive compacts and compos- 
ite compacts obtained from fine abrasive granules 
having a strongly-adherent sinterable coating that 
acts as an interparticle bonding medium when sin- 

30 tered. 

Other objects will be apparent from the de- 
tailed description and claims which follow. 

These and other objects are achieved by a 
process wherein fine abrasive granules of cubic 

35 boron nitride or diamond are coated with at least 
one layer of an active coating material which 
chemically bonds to the underlying surface. The 
outer layer on the fine granules of cubic boron 
nitride or diamond is sinterable and these coated 

40 granules are sintered to provide a multigrain abra- 
sive compact at pressures below 50 kbar and tem- 
peratures below 1500°C, in a period of less than 10 
minutes. 

Embodiments of this method include processes 
45 for preparing composite compacts wherein the 
coated granules are sintered on a substrate. Fur- 
ther embodiments of the methods provided by this 
include processes wherein the resulting breakdown 
characteristics of the multigrain abrasive compact 
so is controlled by means of selecting the particle size 
of the fine abrasive granules, the coating material 
to be applied and the thickness of the coating 
material on the fine abrasive granule. 

The multigrain abrasive compacts produced by 
55 the processes of this invention and tools which 
incorporate such compacts are also provided. 
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Detailed Description of the Invention 

The fine abrasive granules of cubic boron 
nitride or diamond utilized in the process of this 
invention can be of any size. These fine granules 
can have a diameter which is submicron in size or 
they can be as large as 1000 micron in diameter. 
Preferably, these granules are of a size within the 
range of 0.25 micron to about 200 micron. Coatings 
on such granules will not dilute the abrasive materi- 
als excessively so as to hinder the performance of 
the resultant compacts made therefrom. The fine 
cubic boron nitride abrasive granules used in this 
invention are those obtained from hexagonal boron 
nitride either with or without a catalyst, such as 
described in U.S. Patent Nos. 4,289,503. 2,947,617, 
4,188,194 and 3,212,852. This includes those gran- 
ules obtained from pyrolytic boron nitride and 
graphitic boron nitride. Included within the term 
"cubic boron nitride", are the nitrides having the 
Wurtzitic structure (WCN), which is a compact hex- 
agonal structure. 

Of the diamond materials, both synthetic and 
natural diamonds are suitable. The diamond pow- 
ders obtained from chemical vapor deposition are 
also suitable. The particles can either be mon- 
ocrystalline, obtained with a catalyst, or they can 
be polycrystalline obtained without a catalyst by 
direct conversion. Pyrolytic boron nitride is com- 
monly used to form CBN granules in that the 
higher energy state of the CBN structure reduces 
the energy barrier necessary to convert to poly- 
crystalline CBN. This allows direct conversion with- 
out the need of a catalyst or conversion aids. It is 
preferable to utilize granules of a size directly 
obtained from a conversion process. However, the 
granules utilized in the present invention can be 
obtained from larger size materials which are 
milled or pulverized by conventional techniques to 
a desired size. 

Although not critical, it is preferable for the 
granules to be subjected to a pretreatment process 
such as vacuum heating or firing to remove volatile 
impurities, particularly surface oxide contaminants 
such as boron oxide in the case of CBN granules. 
Although it is not practical to remove all of the 
oxide and/or other volatile impurities from the CBN 
granules or diamond granules, a sufficient amount 
of the oxide or other volatile components should be 
removed to provide good adhesion of the first layer 
of active coating material. The phrase 
"substantially oxide-free" refers to CBN or dia- 
mond granules having a reduced amount of oxide 
and/or other volatile contaminants so that the sub- 
sequent coatings can be integrally bonded thereto. 
Generally, in preferred embodiments of the present 
invention, up to about 90% and more preferably, 
from 90-98% by weight of the oxides and other 



volatile contaminants are removed from the CBN or 
diamond granules in the pretreatment step. 

Prior to vacuum firing, CBN or diamond gran- 
ules may be treated to remove residual metals or 

5 organics on the surfaces thereof. This can be ac- 
complished by conventional techniques such as 
with an acid wash, followed by a deionized water 
wash and subsequent drying of the granules. The 
amount of residual metallics or organics removed 

10 is not critical, provided that the surface of the fine 
abrasive granules will provide good adhesion to a 
subsequent coating. 

An active coating material is then applied to 
the fine granules of cubic boron nitride or diamond. 

75 This active coating material chemically bonds to 
the underlying surface such as, for example, in the 
case of the initial layer, the surface of the abrasive 
particles. Subsequent layers of active material 
bond to the underlying layer. The outer layer of 

20 active coating material on the granules must be 
sinterable so as to provide for interparticle bonding 
and formation of the compact, preferably under 
relatively mild sintering conditions. 

The first layer of active coating material is 

25 preferably applied in the same device used to 
remove the oxide or other volatile contaminants 
from the granules. The vacuum furnace utilized in 
CDV processes can remove the oxide and volatile 
contaminants from the surfaces of the abrasive 

30 granules prior to coating with the active coating 
material. Pretreatment which removes oxides 
and/or other volatile contaminants from the surface 
of the CBN or diamond granules can be also car- 
ried out in a low pressure chemical vapor deposi- 

35 tion chamber. Removing the oxides from the sur- 
face of a CBN or diamond by such a technique is 
described in greater detail in U.S. Patent No. 
4,289,503. The process is not limited to such a 
device however. 

40 Alternative methods for applying a layer of 
active coating material include other vacuum depo- 
sition processes, electrolytic deposition processes 
and electroless deposition processes. 

One skilled in the art will be able to determine 

45 the process and conditions necessary for forming a 
particular coating in a manner in which the material 
chemically bonds with the underlying surface. 

The active coating material may be any metal 
or alloy which chemically bonds to the surface of 

50 the abrasive granules or a coating thereon when 
applied. Preferred metals include titanium, zirco- 
nium, hafnium, vanadium, niobium, tantalum, chro- 
mium, molybdenum, tungsten, nickel, copper, co- 
balt, silicon and the like, or mixtures thereof. The 

55 borides. nitrides and carbides and oxides of these 
various metals are also suitable. Particularly pre- 
ferred active coating materials are titanium carbide 
and titanium nitride and nickel. 
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The thickness and/or the amount of coating 
agent capable of forming the compact mass is not 
critical. It is preferred that the entire surface of the 
abrasive granule be coated with the active curing 
agent. Submicron thicknesses, i.e., less than 0.01 
mm, are suitable. However, in controlling the result- 
ing particle breakdown characteristics, it may be 
desirable to increase the thickness of the coating. 
In most cases, the greater the thickness of the 
coating, the less the interparticle bonding strength 
between the granules. The maximum thickness of 
the active coating material is that wherein there is a 
substantial dilution of the abrasive granules wherein 
the resulting compact is no longer effective in 
abrasive or cutting tools. 

Preferably, the coating thickness ranges from 
about 0.01 to 5.0 micron and more preferably from 
about 0.1 to 1.0 micron. One skilled in the art can 
determine suitable and preferred active coating 
materials, granule sizes and total coating thicknes- 
ses for the end use intended by routine investiga- 
tion. A coating thickness which provides up to 50% 
by weight active coating material, based on the 
weight of the compact, is acceptable. 

The conditions required for coating the CBN or 
diamond granules with an active coating material 
vary with the method used for applying the coating 
and with the type of coating applied, for example, 
as to whether the coating is a metal, metal boride, 
a metal carbide or a metal nitride. Conditions will 
also vary with the type of coating process, whether 
it is electroless deposition, electrolytic deposition, 
vacuum deposition or chemical vapor deposition. 
The conditions for coating the fine abrasive gran- 
ules are not critical and any technique known in the 
art for applying the coating may be used in the 
present invention. Those skilled in the art will rec- 
ognize the desired and preferred process condi- 
tions. 

One method of coating substantially oxide-free 
CBN particles with a metal coating is described in 
U.S. Patent No. 4,399,167, incorporated herein by 
reference. After removal of oxides and other vola- 
tile contaminants, a mass of metal in powder form 
is mixed with the CBN granules and the mixture is 
heat-treated at a temperature below the melting 
point off the metal to deposit a layer of metal on 
the particles. The heat treatment takes place in a 
non-oxidizing atmosphere. There is minimal sinter- 
ing of the metal during the deposit of the metal on 
the surface due to the low temperature. As a gen- 
eral rule, the heat treatment is less than 60 minutes 
and the coating thickness does not exceed a few 
microns as is typically less than about 5 micron 
and preferably from 0.5 to 1 micron coated CBN or 
diamond. Of the metal powders, titanium, zirco- 
nium, niobium and mixtures thereof, having a par- 
ticle size of from about 125 to 37 micron are 



preferred. 

The outer layer of active coating material on 
the fine abrasive granules of cubic boron nitride or 
diamond is sinterable. This sinterable material can 
5 be the only coating applied to the fine granules or 
it can be one of many separate layers. This sin- 
terable coating can be applied by the same tech- 
niques as those given above for the active coating 
materials, i.e., by electroless deposition, electrolytic 
w deposition; vacuum deposition and chemical vapor 
deposition techniques. Suitable sinterable materials 
include nickel, cobalt, copper and the borides, 
nitrides and carbides of titanium, tantalum, molyb- 
denum, zirconium, hafnium, tungsten, vanadium, 
T5 chromium, niobium, and silicon. 

In preferred embodiments, the abrasive gran- 
ules are coated with active coating materials by 
chemical vapor deposition (CVD) and more prefer- 
ably by low pressure chemical vapor deposition 
20 (LPCVD) techniques. Such methods are well known 
in the art, particularly for metal carbides, borides, 
nitrides and oxides, particularly for the preferred 
metals referred to above, especially titanium. 
Titanium carbide coatings are derived from titanium 
25 tetrachloride and methane gas, with a hydrogen 
gas, by chemical vapor deposition at reduced pres- 
sure and an elevated temperature (LPCVD). 
Titanium nitride is derived from a nitrogen gas and 
titanium tetrachloride maintained at the temperature 
30 and pressure sufficient to form titanium nitride on 
the granules during CVD processing. Titanium 
nitride coatings can also be obtained wherein the 
nitride is derived from the boron nitride on the 
surface of the CBN granules. Chemical vapor de- 
35 position and low pressure chemical vapor deposi- 
tion processes, systems and devices are described 
in Kirk-Othmer Encyclopedia of Chemical Technol- 
ogy . Vol. 15, pp. 262-264 (1981). 

Electrolytic and electroless deposition tech- 
40 niques and systems are also suitable and are de- 
scribed by Kirk-Othmer Encyclopedia of Chemical 
Technology . Vol. 15, pp. 241-274 (1981). 

After the abrasive granules are coated with at 
least one active coating material and have a sin- 
45 terable outer coating, they may be stored for sub- 
sequent use or they may be used immediately by 
a sintering process to form a multigrain abrasive 
compact in accordance with this invention. These 
granules are then bonded together by the sin- 
50 terable outer coating of active material. Alternative- 
ly, these coated granules can be mixed with a 
powdered metal or alloy and sintered to provide an 
abrasive compact in accordance with the present 
invention. 

55 Sintering of the coated particles can take place 
by conventional techniques. Pressures below 50 
kbar are suitable. Preferably, pressures below 35 
kbar are used and most preferably about 2000 psi 
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with temperatures about 1500°C. Sintering can take 
place in a high pressure, high temperature appara- 
tus. The cycle time within this equipment is short in 
duration, i.e., less than 10 minutes. The conditions 
required are less extreme than those used to form 
self- bonded compacts or those which utilize a 
metal bonding agent. Preferably, the sintering is 
performed in less than 5 minutes, although duration 
of the sintering process is not criticaJ to this inven- 
tion. Most preferably, sintering takes place in less 
than about 3 minutes. The shorter the cycle times, 
the more economical and efficient the process. 
Preferred temperatures and pressures vary with the 
coatings on the fine abrasive granules. Coating 
materials can be selected so that high pressure, 
high temperature equipment is not needed to sinter 
the coated granules. For example, titanium carbide, 
nickel and nickel alloys can be sintered at pres- 
sures below 5 kbar, which do not require such a 
device. Those skilled in the art will recognize the 
appropriate sintering temperatures for the coating 
selected and the appropriate pressures necessary. 
Generally, temperatures in the range of 750°Cto 
2000°C are adequate with pressures ranging from 
0.1 to 50 kbar. 

The multigrain abrasive compacts of this inven- 
tion can be of any form or shape desired, which is 
determined by the die and press utilized to sinter 
the coated particles. Preferably, the abrasive com- 
pacts are of a shape which can easily be converted 
to useful components for cutting tools and abrasive 
tools. Most preferably, the abrasive compacts of 
this invention can be used directly with such tools 
without need for modifying their shape. The abra- 
sive compacts of this invention are typically brazed 
onto the cutting surfaces of tools such as saw 
blades and drill bits. These tools will have im- 
proved wear and breakdown characteristics in use 
as provided by the multigrain abrasive particles 
incorporated therein. To further control the break- 
down characteristics, a sinterable powder of a met- 
al or alloy can be introduced with the coated par- 
ticles to contribute to the matrix of the resulting 
compact mass. The ratio of sinterable powder to 
coated particles can range from 10:1 to 0.1:1 pow- 
der to particles, on a weight basis. 

Without further elaboration, it is believed that 
one skilled in the art can, using the preceding 
description, utilize the present invention to its full- 
est extent. The following preferred specific embodi- 
ments are, therefore, to be construed as merely 
illustrative, and not limitative of the remainder of 
the disclosure in any way whatsoever. 

In the foregoing and in the following examples, 
all temperatures are set forth in degrees Celsius 
and unless otherwise indicated, all parts and per- 
centages are by weight. 



The entire disclosures of all applications, pat- 
ents and publications, cited above and below, are 
hereby incorporated by reference. 

5 EXAMPLES 

Example 1 

About 50 g of 18/20 mesh cubic boron nitride 

w 550 is inserted into a low pressure chemical vapor 
deposition apparatus. The system is evacuated be- 
low 1 Torr and then scrubbed by flowing hydrogen 
gas through the system. While under vacuum, the 
temperature of the CBN is raised to about 1000°C 

75 to remove boron oxides and other volatile con- 
taminants prior to coating. The particles are coated 
with titanium carbide by flowing a hydrogen 
stream, a methane gas stream and a stream of a 
titanium tetrachloride and hydrogen mixture 

20 through the system for approximately 2 hours at 
1000°C and about 10 Torr. The flow rate for the 
titanium tetrachloride, total hydrogen and methane 
gases is 100 SCCM, 600 SCCM and 300 SCCM, 
respectively. After cooling under vacuum, the CBN 

25 particles are removed from the apparatus and in- 
spected for a gray-black appearance which indi- 
cates a titanium carbide coating of the particles has 
been obtained. This can be confirmed by X-ray 
diffraction techniques. 

30 A sample of the 18/20 mesh CBN coated with 
titanium carbide is then overcoated with nickel to 
about 30 micron thickness by electroplating in a 
bath of WATTS solution (Ni sulfate/Ni chloride) for 
1200 amp-minutes. 

35 An abrasive compact is prepared by sintering a 
50/50 mixture of titanium carbide/nickel coated 
18/20 mesh CBN 550 and a matrix alloy "424" 
(iron, copper, tungsten, nickel alloy) in a hot press 
apparatus where the temperature is about 950°C 

40 and the pressure is about 2000 psi. The 50/50 
mixture is on a weight basis. 

Example 2 

45 About 50 g of 40/50 mesh CBN 550 is suc- 

cessfully coated with titanium carbide to about 0.4 
micron thickness by low pressure chemical vapor 
deposition utilizing the equipment and procedure 
described in Example 1. Successful coating is 

50 evidenced by a gray/black color on the CBN par- 
ticles. 

An abrasive compact is successfully prepared 
from the titanium carbide coated CBN 550 utilizing 
a high pressure, high temperature apparatus. The 
55 pressing time is less than 10 minutes. The tem- 
perature is about 1500°Cand the pressure is about 
50 Kbar for a time of 4 minutes at temperature. 
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Example 3 

About 20.5 g of 270/325 mesh CBN 550 is 
coated with titanium carbide by tow pressure 
chemical vapor deposition utilizing equipment and 
procedure described in Example 1 except that the 
flow rates for the hydrogen stream, the methane 
stream and the titanium tetrachloride/hydrogen 
stream are each 300 SCCM, respectively. Success- 
ful coating is evidenced by a gray/black color of 
the CBN particles after coating. 

Samples of the titanium carbide coated cubic 
boron nitride granules are successfully sintered into 
a compact mass in a high pressure, high tempera- 
ture apparatus at a pressure of about 50 Kbar and 
temperature of about 1500°C, for a period of less 
than 10 minutes. 

The preceding examples can be repeated with 
similar success by substituting the generically or 
specifically described granules, reactants and/or 
operating conditions of this invention for those used 
in the preceding examples. 

From the foregoing description, one skilled in 
the art can easily ascertain the essential char- 
acteristics of this invention, and without departing 
from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt 
it to various usages and conditions. 

Claims 

1. A process for the preparation of a multigrain 
abrasive compact which comprises applying to 
fine granules of cubic boron nitride or diamond 
at least one layer of an active coating material 
which chemically bonds to the underlying sur- 
face, wherein the outer layer of active coating 
material is sinterable, and sintering the coated 
granules to provide a multigrain compact 
mass. 

2. A process as in claim 1, wherein the coated 
granules are sintered with a sinterable powder 
at a weight ratio of 10:1 to 0.1:1 sinterable 
powder to granules. 



niobium, hafnium, tungsten, or silicon. 

5. A process as in any preceding claim, wherein 
the sinterable outer coating of active coating 

5 material is selected so as to permit sintering at 

temperatures below 1000°C and pressures be- 
low 2000 psi for a period less than 10 minutes. 

6. A process as in any preceding claim, wherein 
70 the active coating material is applied to the 

fine granules at a total thickness of about 0.01 
to 5.0 micron. 

7. A process for preparing a multigrain abrasive 
rs compact having controlled breakdown charac- 
teristics which comprises selecting fine gran- 
ules of cubic boron nitride or diamond of a 
diameter within the range of 0.1 to 200 micron, 
applying at least two layers of active coating 

20 material selected from titanium, zirconium, haf- 

nium, tungsten, vanadium, niobium, tantalum, 
chromium, molybdenum, silicon, or a carbide, 
bromide, nitride or oxide thereof, at a total 
thickness in the range of 0.1 to 1.0 micron, 

25 wherein the outer layer is a sinterable material 

selected from nickel, copper, cobalt, or a car- 
bide, nitride or boride of titanium, tantalum, 
molybdenum, zirconium, hafnium, vanadium, 
chromium, tungsten, silicon, or niobium; sinter- 

30 ing the coated granules at a temperature about 
1000°C at a pressure about 2000 psi for a 
period less than 5 minutes to provide a multig- 
rain abrasive compact. 

35 8. A multigrain abrasive compact which com- 
prises cubic boron nitride or diamond granules 
bonded by a sintered matrix derived from a 
coating on the granules which comprises one 
or more layers of active coating material 

40 chemically bonded to the underlying surface. 

9. A multigrain abrasive compact as in claim 8, 
wherein 1-3 layers of active coating material 
are applied to the granules by chemical vapor 

45 deposition, electrolytic deposition and/or elec- 

troless deposition. 

10. A multigrain abrasive compact which com- 
prises diamond powder produced by chemical 
vapor deposition which is bonded by a sin- 
tered matrix derived from a coating on the 
powder applied by chemical vapor deposition, 
wherein the coating comprises a carbide, 
boride or nitride of titanium, tantalum, molyb- 
denum, zirconium, hafnium, vanadium, chro- 
mium, niobium, tungsten, or silicon. 



3. A process as in claim 1 or claim 2, wherein at 
least one layer of active coating material is 
titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, 50 
nickel, cobalt, silicon, copper, tungsten or a 
carbide, boride, nitride or oxide thereof. 

4. A process as in any preceding claim, wherein 
the sinterable outer coating of active coating 55 
material is nickel, cobalt, copper, or a carbide, 
nitride or boride of titanium, tantalum, molyb- 
denum, zirconium, vanadium, chromium, 
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